Wafer dicing is a basic step in building electronic devices such as CPU or GPU. It is automatically accomplished in the wafer Dicing Machine in which a little misalignment of wafers may lead to damaged chips. The information of misalignment may be obtained by detecting the paddle vat to calculate the misalignment between the blade and the part of the wafer which has been diced in real-time. In this paper, methods for detecting the paddle vat are studied. For most of simple wafer images where the intensities of paddle vats are quite different from that of the background, a binary segmentation approach is used to detect the paddle vat of the wafer image. The threshold for binarization is calculated by the grey-scale histogram of the wafer image which is smoothed by using exponentially smoothed method. For wafer images with complex backgrounds, the improved Canny detection algorithm with anisotropic diffusion is used to detect the edges of paddle vats. Experimental results show the validity of the methods.
INTRODUCTION
Wafer dicing is the process by which silicon chips are separated from a wafer of semiconductor. The dicing process can be accomplished by scribing and breaking, by mechanical sawing (normally with a machine called a dicing saw) or by laser cutting. Following the dicing process the individual silicon chips are encapsulated into chip carriers which are then suitable for use in building electronic devices such as CPU or GPU [1] [2] . Wafer dicing is automatically accomplished in the wafer Dicing Machine, as shown in Fig. 1 , which is the part of the wafer which has been diced in real-time. If the misalignment is detected the position of the wafer should be adjusted in time.
In this paper, methods for detecting the paddle vat are studied. For most of simple wafer images where the intensities of paddle vats are quite different from that of the background, a binary segmentation approach is used to locate the center line of paddle vats of the wafer image [13] . In this method, the greyscale histogram of the wafer image is smoothed by using a quadratic exponential function, and then a certain threshold for binarization is calculated according to the smoothed histogram. For wafer images with complex backgrounds, the improved Canny detection algorithm with anisotropic diffusion is used to detect the edges of paddle vats. In this method, Gaussian smoothing in the Canny detection algorithm is replaced by anisotropic diffusion, and then two edges of the paddle vat are chosen from the edges produced by improved Canny algorithm; finally a discriminate algorithm is proposed to decide the correction of the position of the paddle vats. Experimental results show the validity of the methods.
The rest of this paper is organized as follows. First, the detection method of paddle vat by using binary segmentation is proposed; and then the detection method by using improved Canny detection algorithm with anisotropic diffusion is described with detail; finally experimental results and conclusions are given.
PADDLE VAT DETECTION BY USING BINARY SEGMENTATION
Of most wafer images, the intensities of paddle vats are quite different from that of the background. Fig. 3 shows two examples of this sort of wafer images where paddle vats are dark and the other regions are obvious brighter than paddle vats.
In this case, the grey-scale histograms of the wafer images are bi-modal roughly, so it is easy to find a threshold for binarizing the wafer images and then paddle vats can be detected in the binary image. In this paper, the detecting procedures are as follows: first, the grey-scale histogram of the wafer image is smoothed by using a quadratic exponential function, and then a certain threshold is calculated according to the smoothed histogram. Finally the wafer image is binarized by using the threshold where the intensities of the background are 255 and the intensities of the paddle vat are 0.
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Histogram Analysis
A grey-scale histogram shows the probability of the occurrence of certain grey levels in an image. It reflects the brightness distribution of the image. For bimodal histograms, thresholds used for binarizing images can be determined by the grey level corresponding to the trough between two peaks [14] . But in practice, the noise in the histogram may affect the selection of the thresholds. In this paper, exponentially smoothed method is used to smooth the histogram before two peaks are detected.
Grey-scale histogram smoothing
The discrete grey-scale histogram usually appears with irregularity. Especially, it may be affected by noises and some useless background which lead to the appearance of a large number of spikes and burrs in the histogram, as shown in Fig. 4 . In this paper exponentially smoothed method [15] is introduced to get rid of the burrs and spikes in the histogram. Suppose N is the number of all pixels in the wafer image and P i is the number of the pixels with grey level i. P i may be considered as the occurring frequency of the grey level i. The frequencies of all grey levels in the histogram can be considered as a discrete sequence (P 0 , P 1 ,...., P 255 ). Let {E 1 , E 2 ,......, E 256 } be the output of the exponential smoothing algorithm which can be computed as following [15] : Where a is the smoothing factor satisfying 0 < a < 1, Which stands for the degree of smoothness: a = 1 means none of smoothness, a = 0 means smooth completely. It is difficult to find an appropriate a. Sometimes a statistical technique may be used to optimize the value of a. In this paper, a is set as 0.2.
Peak value detection
After smoothing, the threshold used for binarizing the wafer image can be obtained by using the grey levels corresponding to the peak values and trough values in the histogram. Suppose in the histogram the frequency of the position (grey level) i is E i . Generally speaking, if E i is a peak value in the histogram, it must satisfy E i > E i−1 and E i > E i+1 while a trough value E i must satisfy E i < E i− 1 and E i < E i+1 [16] . However, in practice, as shown in Fig. 5 , there are some local areas with high and low values alternately in the histogram after smoothing.
Therefore, if only two adjacent frequency values are used for comparison, the result would be a bit rough, and the peak detected may be inconvincible. Thus, in this paper the neighboring information of frequency values is used for detecting peak values. Let E i be a frequency value in the histogram. Suppose S be a neighborhood set of
where m is the size of the neighborhood window which is selected according to the specialty of the histogram. Let E max and E max_s be the first and second maximum frequency in the neighborhood set S, and E min and E min_s be the first and second minimum frequency. The following detecting criteria are used: The results detected by above criteria are related to the parameter m, which may contain some fake peaks or troughs [17] . In order to weed them out, the following criteria are also used: c) The peak's height must high enough. d) The height difference between peak and adjacent trough must be large enough.
Binarization and Paddle Vat Detection
According to the peak detection results, the grey level corresponding to the trough between the first and second highest peak is chosen as a threshold to binarize the wafer image. Thus, the image is divided into two kinds of regions, the background regions and the paddle vat's regions. The next step is to determine which one is a paddle vat. It is understood that the location and the brightness of the pixels in the same region has a strong consistency and relevance [18] . For paddle vat's region, the relevance is stronger than the other region (the street or the background). Suppose the two regions in the binary wafer image be Ω 1 , Ω 2 . The relevance of each region can be calculated as following:
where s stands for a pixel of the region Ω i and y s for the coordinate of the pixel in the y-axis. Ω i  is the number of the pixels in Ω i and Y -i is the average height of Ω i . If r 1 is bigger than r 2 , Ω 1 is the paddle vat region and Ω 2 is the background region. Otherwise, Ω 2 is the paddle vat region and Ω 1 is the background region. 
Suppose the region Ω is a paddle vat and its average height is Y -, the line y = Y -stands for the centre line of Ω which can be used for determination of misalignment. Fig. 6 and Fig. 7 show the detecting results of two examples of wafer images where paddle vats are quite different from the street. In Fig. 6 and 7, a) is the original wafer image captured by the microscope; b) is a street (runway) image in the wafer; c) is the grey-scale histogram of the street image in b) before smoothing; d) is the smoothing result of c); e) is the binary result in which the paddle vat can be detected well; f) shows the center line of the paddle vat. The results show that this method can detect the paddle vat accurately if the paddle vats are far from the background in intensity. However, in some of wafer images, as shown in Fig. 8 , the intensity of the paddle vat are quite similar to that of streets and two regions may be regarded as the same region in the binary image. In this case, the binary approach cannot get a good detecting result.
In the next section, a detecting method based on improved Canny algorithm with anisotropic diffusion is proposed; furthermore, a discriminating algorithm is proposed to decide whether the detecting position is correct. 
PADDLE VAT DETECTION BY USING IMPROVED CANNY ALGORITHM WITH ANISOTROPIC DIFFUSION
According to the above discussion, if the paddle vat is very similar to the street (or the background) in intensity, the binary segmentation approach proposed in the last section will consider the street as a part of the paddle vat. However, in this case, as shown in Fig. 9 , the paddle vats usually look like narrow bands with apparent edges. Therefore, the paddle vats may be obtained through detecting the edges of the paddle vats. There are many methods to detect edges of images. In this paper, Canny edge detection algorithm [19] [20] [21] is used which can obtain one-pixel width edges with accurate locations. But in practice, there are still two problems to overcome. The first one is that the edges will be blurred due to the Gaussian smoothing in the Canny algorithm, which will affect the accuracy of the edge detection. The second problem is that there will produce many edges after using Canny algorithm and how to decide which two edges construct a paddle vat. In this paper an anisotropic diffusion is first introduced to replace Gaussian smoothing in Canny algorithm, and then some criteria is defined to determine the edges of the paddle vats.
Anisotropic Diffusion
In the canny algorithm, the Gaussian smoothing is used for removing noises of the original images. Suppose f (x, y) is an original wafer image, the result image u(x, y, t) smoothed by Gaussian function can be obtained by the following equation: 
Equation (5) is known as the isotropic heat conduction model. In the isotropic heat conduction model the diffusion process takes place in the same speed along each direction at each pixel point of an image which leads to edge blurring and does not meet the requirement of preserving edges while diffusion. It will blur everything in the image.
In order to overcome it, Perona and Malik [22] introduced a nonlinear anisotropic diffusion process governed by the distribution function g(∇u) into the heat conduction model in order to make diffusion happening in a maximal speed along the edge direction (which is orthogonal with the gradient direction) and make diffusion stops along the gradient direction. Then the mathematical model given by equation (5) may be modified as below: (6) Where ∇ is the gradient operator, ∇u denotes the magnitude of the gradient, g(∇u) is the diffusivity function or the "edge-stopping" function, div is the divergence operator, and u 0 is the original image.
However, the Perona and Malik model (Eqn. 6) has a serious difficulty in practice. Assume that the signal is with white noise, for instance. Then the noise introduces very large, in theory unbounded, oscillations of the gradient ∇u [25] . Thus the conditional smoothing introduced by the model will not help, since all these noise edges will be kept.
This drawback can be overcome if the original image is smoothed firstly by using some low pass filter [25] , as following: In this paper, Gaussian filter G σ with a low scale σ is used as the low pass filter, which will reduces large noise and less influence on edges.
Detection of the Paddle Vat's Boundaries
The result image C from improved Canny algorithms consists of all edges of the wafer images and the edges of paddle vats need to be detected among them. Because the edges of paddle vats are lines, the Hough transform may be used to detect them. In our case, it only needs to detect the lines in the horizontal direction which simplifies the computation of the Hough transform greatly. The number of edge pixels in the result image on each row is counted and if it is greater than a pre-fixed threshold η, there must be a line in this row.
Suppose the set Ω line consists of all horizontal lines and some of them are pairs of edges of paddle vats. If the lines L up and L down are the upper and lower edge of a paddle vat, the distance between these two lines is the width of the paddle vat which should be close to the width of the blade w vat . In the other hand, the intensities of pixels in the region of the paddle vat formed by lines L up and L down are similar so the standard deviation should be relatively small. Suppose l p , l q ∈ Ω line are two lines which forms a region R p,q , ε is the tolerance, a pre-assigned small value close to zero, then the discussion above can be described formally as following:
Where C i, j is the intensity of pixel (i, j) in the region R p,q , C avg is the average intensity of the region R p,q , S p,q is the standard deviation of the intensities in R p,q .
However, in some cases some edge of a street may be recognized by error as an edge of a paddle vat due to the similarity in intensities, which leads to wrong partition of the paddle vat. Analyzing brightness distribution in wafer images, it can be found that the paddle vat usually occupy one of the darkest regions in the inspected image of wafer. Fig. 9 shows an example of the inspected image which was tested in this study. The dark and narrow, belt-shaped regions
correspond to the rectangles oriented in the horizontal directions. This information can be used to discriminate whether L up and L down are the edges of a paddle vat. Suppose the width of the paddle vat is n. A window with width n and height w vat is set to scan the image of wafer and the average of intensities of the pixels locating in the window is calculated. If the average of some window gets the minimal value, this window must occupy the paddle vat. Then the horizontal centre line L mid of the window coincide with the horizontal centre line between L up and L down . Set the tolerance as δ, the discriminating algorithm can be described as following:
, L up and L down are the edges of a paddle vat;
b. If , the region formed by L up and L down is not a paddle vat, the paddle vat is upward bias.
c. If , the region formed by L up and L down is not a paddle vat, the paddle vat is downward bias.
Numerical Implementation
In this section, we briefly describe the discretization of the anisotropic diffusion equation. Let u t (x, y) be the grey level at coordinates (x, y) of a digital image at iteration t, u 0 (x, y) the original input image and g(·) is diffusivity which is defined as following in this paper:
The continuous anisotropic diffusion can be discretely implemented by using four nearest neighbors and the Laplacian operator [22] :
Where 0 ≤ η ≤ 1/4 for the numerical scheme to be stable. N, S, E, W are the mnemonic subscripts for North, South, East and West, and the nearest-neighbor differences are:
The conduction coefficients are updated at every iteration as a function of the brightness gradient:
EXPERIMENTAL RESULTS
A system involving above detecting methods is developed by using Visual C++ and tested in the environment provided by Shenyang Institute of Instrumentation for the manufacture of self-aligned dicing equipment. Some experimental results are shown in Fig. 10, 11 and 12 . In the system, a coordinate system is pre-assigned, and a processing range (y 1 , y 2 ) between the horizontal line y = y 1 and y = y 2 is given and the region of wafer images located in this range is processed.
In the process of detecting the edges of the paddle vat, the most timeconsuming part is anisotropic diffusion. In the experiments, we set the parameter η = 0.1, the number of iterations is 10, and the computational times of all the experimental results are less than 0.05 s. Thus, the methods proposed in this paper are suitable for real-time applications of wafer dicing. Fig. 10 shows the region of an image located in the processing range (171, 229) and the detecting results. In Fig. 10, (a) shows the region of an original wafer image located in the processing range where a paddle vat is located in the centre of the range roughly; (b) shows the result by using Canny algorithm with Gauss smoothing which makes the edge blurring; and (c) is the result by using improved Canny algorithm with P−M smoothing(Eqn. 6), the edge is more clear, but some noise edges are still kept; (d) is the result by using improved Canny algorithm with Gauss and P−M smoothing (Eqn. 7), which is more satisfactory. However if the paddle vat is not located in the centre of the processing range, the situation may be different. The Fig. 11 shows some detecting results by using Eqn. (7) when the paddle vat is bias from the centre of the processing window. In Fig. 11 (b) , the processing range is (169, 215) which includes all of paddle vats, so the detecting result is quite well; but in Fig. 11(c) with processing range (152, 196) and (d) with (189, 235), the paddle vats are out of the processing range which lead to wrong detection. Fig. 12 shows some results by using the discriminating algorithm described in Section 3.2 to decide whether the edges of the paddle vat is correct or bias. Fig. 12(b) gives a correct position of the paddle vat; Fig. 12  (c) gives the information that the paddle vat is under the current position; and Fig. 12(d) gives the information that the paddle vat is upward the current position. 
CONCLUSION
In this paper two detection methods of paddle vats are proposed. For most of simple wafer images where the intensities of paddle vats are quite different from that of the background, a binary segmentation approach is used to detect the paddle vat of the wafer image. The threshold for binarization is calculated according to the grey-scale histogram of the wafer image. In order to reduce the burrs and spikes of the histogram, exponentially smoothed method is used. And then peak detection based on histogram analysis with some certain criteria is applied. However, this method cannot get a good result for wafer images with complex backgrounds. The second method proposed in this paper is the paddle vat detection by using the improved Canny detection algorithm with anisotropic diffusion. Gaussian smoothing in the Canny detection algorithm is replaced by anisotropic diffusion, and then two edges of the paddle vat are chosen from the edges produced by the improved Canny algorithm; finally a discriminat algorithm is proposed to decide the correction of the position of the paddle vats. Experimental results show the validity of the methods.
The methods proposed in this paper have been used in the wafer Dicing Machine produced by Shenyang Institute of Instrumentation.
